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Useful Zero Page Locations: 


 Q00OED #£=-Monitor stack 
00FO Buffer, LSB (latest entry) 
0OOF1 Buffer 
00F2 Buffer 
00F3 Buffer 
00F4 Buffer 
0OOF5 Buffer, MSB (oldest entry) 
0OF9 Accumulator 
0OOFA Y-Register 
0OOFB X-Register 
00FC Program counter low 
00FD Program counter high 
00OFE Stack pointer (user) 
0OOFF Status register 
Vectors: 
NMI = 0003 
RES — FF48 
IRQ = 0000 
Break Vector: store starting at 0000; 4C, CO, FF 


Memory Map: 


0000-00FF 
0100-01FF 
0200-02FF 
0300-03FF 


0400-07FF 
0800-08FF 


0900-09FF ° 


0A00-0BFF 
O@do - OBFE 
0C00-0C FF 
0D00-0DFF 
0OE00-0OEFF 
OF 00-0OF FF 


RAM (IC22, IC30) 
RAM (IC23, IC31) 
RAM (IC24, 1C32) 
RAM (1C25, IC33) 


UNOCCUPIED - 24m ow Yolo boone 


1/0 
CASSETTE (IC20, IC21) S9 


UNOCCUPIED - Vo Tl elp go wer Woo’ 


PROM (IC16) - coe io accel 
PROM (IC17) - Was 

PROM (IC18) CASSETTE OPTION 
PROM (IC19) MONITOR 
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1/0 Breakdown 


0801 KEYBOARD (IC1, IC2) KEYS 0-7 
0802 KEYBOARD (C3, IC4) KEYS 8-F 
0804 KEYBOARD (IC5, IC6) CONTROL KEYS 


0808 INPUT PORT 2. (IC4, IC8) J5 
0810 INPUT PORT 1 (IC3, IC7) J4 


0820 DISPLAY (C26, IC27, IC28, IC29) 
0840 OUTPUT PORT (IC2, IC6) J2 
0880 STROBE (IC1) Ji 
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System Analysis 


DATA BUS OUTPUT PORT INPUT PORT 1 
AND STROBE J2 KEYBOARD J4 INPUT PORE 2 


. 
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i- POWER CONNECTOR 
+5V 

—9V 


GROUND (NOTE 
FEMALE PIN) 
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OUTPUT PORT (J2) 
OUTPUT PORT ADDRESS - x840 


The output port is a means of getting data 
being processed within the computer out to 
peripheral devices. 

The eight output lines (bit 0-bit 7) are all 


+5— ©! W4O—GND latched and each represents a CMOS output 
—-9— O O—-—GND | structure. : 
BIT7— O O —BIT 6 mF Included at the output port connector are 
BITS—- O O —BIT4 ‘the system power voltages, +5 volts and -9 
BIT3— O O —BIT2 volts and gnd. 


sd an O7 80 uae PROGRAMMING CONSIDERATIONS 
The port is memory-mapped, so that any 

instruction which would ordinarily be used to 

write data into memory can also be used to write 


data to the output port. 


PROGRAMMING EXAMPLE 


—0020 LOOP E8 inx; increment count 
0021 8E_ stx (abs); write result to output port 
40 
A8 
0024 4C jmp LOOP; go to do next 
20 
00 


ANALYSIS 


This short program causes the bits of the output port to count in binary, Bit 0 is 
the least significant, bit 7 the most significant. 

When running, the program increments the X index register by 1 (INX) at location 
0020, the STX instruction at location 0021 causes the incremented result in the X 
register to be "stored" in the output port which occupies memory location x840. The 
JMP instruction at location 0024 causes the program to loop back to the beginning. 


NOTICE TWO THINGS: 


1) the location of the output port is listed as x840 where x can be any hexadecimal 
digit. In this example xis A, but this is arbitrary. Using an oscilloscope you can check 
that the output lines are counting and that x can be given any value from 0-F without 
affecting the operation of the program. 

2) because of the pipe-lined architecture of the 650x family of processors, ab- 
solute addresses are given LEAST SIGNIFICANT BYTE FIRST. This will be confusing 
to first-time users of these processors but results in significantly greater processor 
through-put than would otherwise be possible. (See 6500 PROGRAMMING MANUAL,} 


.f 
HARDWARE INTERFACING 
The easiest situation is interfacing the output port to CMOS logic, which is simply 


a matter of tying the output port pin to the input of the CMOS load. Like this: 


: 


OUTPUT 
PORT 


BIT N CMOS OR 
-: TTL GATE 


Because of the static nature of these outputs, practically any number of CMOS 
gates can be driven. (The limiting factor is the risetime of the output as the additional 
capacitors that the inputs of the gates represent are added.) If you like, and if the 
specifications of the power supply are not exceeded, power for the peripheral device 
can be picked up on J2.as are the signal leads. 


TTL gates are just as easily driven from the output port, but unfortunately not in 


unlimited quantities. To be on the safe side, stick to one regular TTL load or two 
LS TTL loads max. 


When interfacing to a discrete transistor, a current-limiting resistor should 
be put in the line like this: | 
| LOAD 


OUTPUT 
PORT 


BIT N 


| If needed, the activating signal that strobes new data into the output port latches, 
(OUTPORT) is present on pin #10 of the DATA BUSS and-STROBE connector (J1) 


29 


30 


INPUT PORTS 


PORT #1 (J4) - ADDRESS x810 
PORT #2 (J5) - ADDRESS x808 


The input ports are means of getting 
data from the outside world into the com- 
puter. 
Each input line represents a single 


+5- ©! '4OQ-GND 
-9— O O -—GND 


BIT7— O O —BIT6 CMOS input structure. 

BITS — O O —BIT4 Included at the input port connectors 
BIT3— O O —BIT 2 are the system supply voltages +5 volts 
BITI— O O —BIT@ ~9 volts and gnd. 


+5— O07 ®OQ-GND 
PROGRAMMING CONSIDERATIONS 


Like the output port, these input ports 
are memory mapped and any instruction 
‘which reads data from a memory location 
may be used to read the port into the 

processor. 


PROGRAMMING EXAMPLE 


0020 LOOP AD LDA (abs) IN#1 sread input port 
10 
A8 
0023 8D STA (abs) DSPLY _ ;put result in display 
: 20 
A8 
0026 4C JMP LOOP ;do again 
20 
00 


ANALYSIS 


The instruction at location 0020 causes data which is currently being presented to 
the input port to be read to the processor's accumulator. The next instruction writes 
this same data to the display. Finally, the jump instruction at 0026 causes the program 
to loop and start again. 


NOTICE ONE THING 


Since the input port is a CMOS input, normal precautions should be taken to prevent 
static damage at these pins; also, if the above program is run without some device con- 
nected to the port, some means must be provided to hold the input pins of the port at 
either ground or supply. Otherwise, normal environmental electromagnetic fields will 
cause the state of the input lines to be indeterminate. 10K ohm resistors from the pins 


to either ground or supply (see also HARDWARE INTERFACING) will suffice. 


HARDWARE INTERFACING 


Being a CMOS input, a variety of devices can supply data to tHe input cael The 
output of another CMOS gate can be connected directly to the port: 


A 
TO INPUT PORT 
BIT N 


CMOS GATE 


or switches or transistors may be used: 
+5 


+5 
10K 


ded TO INPUT PORT 


BIT N 
TO INPUT PORT 
BIT N 


; | 33K 


and note that if the transistor or switch above is "'on"", it represents a 0 input to that pin 
of the port. 

If the output of a TTL gate is being used to drive the input port, a pull-up resistor 
to supply must be provided: 


TO INPUT PORT 
BIT N 


TTL GATE 
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DISPLAY 
DISPLAY ADDRESS = x820 


The displays consist of two seven- — 
segment displays and assocjated 
9368-type decoders/latches/drivers. 
The decoder portion of the 9368 


- 8 takes care of converting a single 
4—bit hexadecimal digit input to the 

_ 9 appropriate code required to operate 
the seven-segment displays. 

_ A These devices will display all 16 


symbols in the hexadecimal character 
set from 0-F. NOTE that the char- 
acters B and D are both displayed 


- C¢ as lower case characters (b and qd), 
and that the character 6 is distinguished 
- D from the character b by the horizon- 
tal "tail" at the top of the 6. 
_ &F | Like other peripheral ports, the 
| displays are memory mapped and any 
_ F instruction that writes to memory 


TWTICL E107 SOLO 


will operate them. 
NOTE: it is normal for the 9368 
driver ICs to operate at an elevated 


temperature. 
TYPICAL SOFTWARE 


(see KEYBOARD section of system 
analysis for typical programming 
examples using the displays. ) 


KEYBOARD 


FIRST RANK (0-7) - address x801 ; 
SECOND " (8=15) - address x802 
THIRD " (16-23) ~- address x803 
DECODE SUBROUTINE address FF00 


The keyboard is used by the monitor for 
control of user data and program entry as well! 
as operation of the PIEBUG debugging tools, 
but may also be read by the user's programs 
employing a variety of techniques. 

Because of the capacitive operating 
principle employed in the 8700 keyboard, 
this device should provide exceptionally 
long and trouble-free life. . 

(FOR EXPLANATION OF KEYBOARD 

WHEN USED WITH MONITOR, SEE 

PIEBUG MONITOR. ) 


USING THE KEYBOARD AS AN INPUT TO 
USER'S PROGRAMS 


There are two ways that the 8700's 
keyboard may be used to input data to a user's 
program, 

1) Individual "ranks" of keys may be 
read with any of the statements that read 
memory locations. For example: : 


0020 LABEL AD _ LDA (abs) A801 sread first rank 
01 
A8 

0023 FO BEQ LABEL sif no key, loop 
FB 


causes the status of the first 8 keys on the keyboard to be read into the accumulator 
of the computer (instruction at location 0020). If no keys are being touched when the 
read operation occurs, the accumulator will be loaded with $00. Under these circum- 
stances, the Branch Not Equal at location 0023 will cause the processor to loop back 
to the top of the program and read the keyboard again. If a key is being touched when 
the read operation happens, the accumulator will be loaded with a number that repre- 
sents the key. Each of the 8 bits in the word that is read represents a key, from $01 
(in binary 00000001) for key #0 to $80 (in binary 10000000) for key #7. 

While there are circumstances when the above procedure will suffice for inputting 


data, there will be times when it is most convenient to read not simply one rank of 
7 | | 33 


34 


keys, but rather the whole keyboard. 

A rew program to do this can of course be written, but under most conditions the 
effort would be redundant as this program is already a part of the PIEBUG Monitor 
and written as a subroutine so that it can be easily accessed from user's pm grams. 
This subroutine is named DECODE and it lives in the Monitor Prom at address 
FFOO. 


Before using this subroutine, there are a few things that you should know about it, 
like; when called, the routine returns with the number of the key down in both the 
accumulator and the Y index register, so if either of these registers contains data 
that will be needed after the keyboard scan, it should be either pushed to the stack 
or otherwise saved in memory. Similarly, though the X index register doesn't con- 
tain any key information when DECODE is exited, its contents are altered by this 
routine and as with the accumulator and Y register it should be saved (if needed) 
before entry to DECODE. 

If no keys are down, the routine is exited with $18 in A and Y and this fact can 
of course be used to determine if a key is down or not. 

A problem that is just as important as determining that a key is down and which 
key it is, is to determine whether the key that is down now is the same one that was 
down the last time through the program. (Otherwise, what is intended as a single 
keyboard stroke can be interpreted as multiple switch activations, one activation 
for each pass through the routine). Again, external user written code could be 
used to perform this task; but, again, it would be redundant as DECODE already 
indicates whether the key that is currently down is the first activation of that key- 
or if the key: is simply still down. It indicates this by clearing (setting to 0) the 
Carry Flag in the processor status register; if the key that is activated during the 
current scan of the keyboard is different from the key that was activated during the 
last scan. If the same key that was down during the last scan of the keyboard is the 
same one as is down during this scan, the Carry Flag will not be cleared, Note 
also that the carry flag is cleared only when a new key is activated, not when 
a key is released. 

The existence of instructions to test the Carry Flag (BCS-Branch if Carry Set- 
and BCC-Branch if Carry Clear) make the use of this feature exceptionally easy. 

A simple user program to scan the keyboard and display the key that is down 
could look like this: 


0020 LOOP 20 JSR DECODE ‘jump to monitor 
00 ‘keyboard routine 
FF 
23 BO BCC LOOP ‘test for new key 
FB 
25 8D STA DSP if new key, put 
20 sin display and.... 
A8 
28 4C JMP LOOP sbegin again 
20 
f o9 


It is the op code (BO) at location 0023 and its corresponding operand at 
the next location that causes the program to skip the display if no key is found 


down. By replacing these two bytes with NOPs (EA) the program may be modified to 
_ display the key number while the key is held down and display 18 (the no-key code) 
when no keys are pressed. 
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DATA BUSS and STROBE 
CONNECTOR (J1) 


STROBE - Address x880 
DISPLAY = Address x820 
OUTPORT- Address x840 
CASSETTE-WAddress x9xx 


This connector provides direct access 
to the data buss as well as a selection of the 
system peripheral enable signals. Some 
of the enabling signals are activated when 
a Single address is accessed, others when 


DB7— ©! 4O —DB6 any one of a group is called for, as summar- 
DB5~—- O O —DB4 ized below. 
DB3—- O © —DB2 "Electrical loading is an important con- 
DB1—- O O —DB@ sideration in using this connector. Five 

| STROBE— O O —OUTPORT CMOS loads or one LS TTL is:a safe bet, 

DISPLAY — O O — CASSETTE but more than that is on the questionable 
+5—©7 80O-—GND side. The select lines (STROBE, etc) will 
each drive 4 TTL loads, 
. The pins labeled DB0-DB7 provide 


access to the data buss from least sig~ 
nificant to most significant respectively. : 
System +5 volts and ground appear at 
pins 7 and 8 respectively. 
All enable signal lines are memory 
mapped. 


PERIPHERAL ENABLE SIGNALS 


STROBE - Provides a low-—true signal when any of the following addresses are read 
from or written to: ' 

x880 x8A0 x8C0 x8E0 

x890 x8B0 x8D 0 x8F0 


DISPLAY-This is the select line for the 8700 displays. This line is low-true on a 
write operation to the address occupied by the displays (x820). 


OUTPORT-Lhe low—true select line for the output port which lives at address x840 
activates on write operations only. 


CASSETTE-The select line for a contiguous block of 256 addresses from locations 
x900 = x9FF. Activates on write operations only. 

NOTE: All tape dump operations are written to address x900 and this address 
should be reserved for this operation only. All active addresses above x900 may 
be used, but if the two relay drivers are used,care must be taken during transfers 
so that the duty factor of the pulses is not sufficient to close the relays. 


EXPANSION CONNECTORS 


EXPANSION CONNECTORS 
J7 AND J8 


Tra-O' = O= RES 
NMI— O O —GND 
ABS —- O O -92 
ABI— O jz O -92-R/W 


AB2— O O —RAM RIW 
AB3— O O — DBG 
AB4— O © — ps! 


AB5— ©! O —pB2 


AB6— O O —pB3 
AB7— O O—DB4 
ABB— O jg O-—DBS5 

+5— O O —DB6 
ABlII— O O —DB7 
ABI— O O —AB10 


J7 and J8 


The expansion connectors J7 and J8 
provide access to the DATA, ADDRESS, 
and CONTROL busses of the processor 
as shown at right. 

While these connectors are reserved 
for future expansions by PAiA, they may 
be used by the experienced user for 
system expansion. Appropriate care 
must be exercised that devices connect 
ed to these points do not exceed the 
loading capabilities of the processor and 
that appropriate protection against such 
real-world hazards as overvoltages and 
transient spikes is provided. 


CASSETTE CONNECTOR (J9)m 


CASSETTE CONNECTOR 
J9 


4+5—~0' O-—RELAY?2 


—~9—O O —RELAY1 
EAR— O O—MIC 
EAR— O O—GND 


The cassette connector is used in 
conjunction with the CS-87 option to 
provide program and data-saving and 
loading from cassette recorder (see 
CS~-87 Cassette option manual for op= 
erating details). 

Additionally, this port and its 
corresponding components pro- 
vides for a keyboard "beeper" which 
indicates activation of the control 
keys of the 8700/A Active Keyboard. 
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DESCRIPTION 


These Signetics 2500 Series Hex 32 and 40-bit recirculating 
static shift registers consists of enhancement mode P-channel 
silicon gate MOS devices integrated on a single monolithic 
chip. Internal recirculation logic plus TTL/DTL level clock 
signals are provided for maximum interfacing capability. 


FEATURES 


-@ TYPICAL CLOCK AND DATA RATE = 3MHz 

@ TTL/DTL COMPATIBLE CLOCK (SINGLE) PROVIDES 
EXTREMELY LOW CLOCK CAPACITANCE 
RECIRCULATION PATH ON CHIP 
TWO BIT LENGTHS AVAILABLE 

SINGLE-ENDED (BARE DRAIN) BUFFERS 
TTL, DTL COMPATIBLE SIGNALS 
STANDARD PACKAGE — 16 PIN DIP 
SIGNETICS P-MOS SILICON GATE PROCESS 
TECHNOLOGY 


APPLICATIONS 


LOW COST SEQUENTIAL ACCESS MEMORIES 
LOW COST STATIC BUFFER MEMORIES 

CRT REFRESH MEMORIES — LINE STORAGE 
LINE PRINTERS 

CARD EQUIPMENT BUFFERS 


PIN CONFIGURATION (Top View) 


B/! PACKAGE 


INg 

INS 

INg 
Recirculate 
Vec 

Clock 
OUT. 
OUTs 


T 
2. 
3. 
4. 
5. 
6. 
7. 
8. 


HEX 32-HEX 40-BIT STATIC 
SHIFT REGISTERS 


2518 
2519 


SILICON GATE MOS 2500 SERIES 


BLOCK DIAGRAM 


TRUTH TABLE 


RECIRCULATE INPUT FUNCTION : 


PART IDENTIFICATION TABLE 


PART 


2518B HEX 32 
25181 HEX 32 16-Pin Ceramic DIP | 


|} 25198 =| HEX 40 16Pin Silicone DIP_| 
| 25191 HEX 40 16-Pin Ceramic DIP 


Recirculate 
Recirculate 
“0” is Written 


“4° is Written 


7-96 


SILICON GATE MOS ® 2518, 2519 


_— GUARANTEED RATINGS (1) 


- NOTES: 


1. 


Stresses above those listed under ‘““Maximum Guaranteed Rating” 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or at any 


Operating Temperature (2) 0°C to +70°C other condition above those indicated in the operational sections 
of this specification is not implied. 
| 2. For operating at elevated temperatures the device must be derated 
‘orage Temperature -65°C to +150C based on a 150°C maximum junction temperature and a thermal 
resistance of 125 C C/W junction to ambient. 
3. All inputs are protected against static charge. 
4 Parameters are valid over operating temperature range unless 
kage Power Dissipation specified. 
Ta = 70°C 640 mW 5. All voltage measurements are referenced to ground. 
6. Manufacturer reserves the right to make design and process 
changes and improvements. 
7. Typical values are at +25°C and nominal supply voltages. 
ta and Clock Input Voltages 8. Voc tolerance is 5% Any variation in actual Voc will be 
Supply Voltages with tracked directly by V,,. Vj,, and Vo 4, which are stated for a 
espect to Voc +0.3V to -20V ieee re 


DC CHARACTERISTICS 


TEST 


INPUT LOAD CURRENT 


OUTPUT LEAKAGE CURRENT 


| SYMBOL 


POWER SUPPLY CURRENT 


INPUT “LOW” VOLTAGE 


ITa = 0°C to +70°C; Voc =+5V (8); VGG = -12V + 5% ‘unless otherwise noted..(Notes: 3,4,5,6,7) 
TA 3 Cee. | 


. VoL is dependent on R , and characteristics of driven gate. 


Tq = 25°C 

CONTINUOUS OPERATI 
Ta =25C 

F = 2MHz 


ON 


eae 
[CLOGK LEAKAGE CURRENT | 
ees 


’ INPUT “HIGH“VOLTAGE 
(7t ee CLOCK INPUT “LOW” VOLTAGE 
| “inc | CLOCK INPUT “HIGH” VOLTAGE 


TIMING DIAGRAM 


DATAIN 


RECIRCULATE 


ta @ te < 10 NSEC FOR ALL INPUTS 


Note: Input rise and fail times: 10nsec. Output load is 1 TTL gate. 


SILICON GATE MOS ® 2518, 2519 


AC CHARACTERISTICS Ta = 0°C to +70°C, Vcc = +5V (8) VGG = -12V +5%, VILC = 0.4V to 4.0V 


SYMBOL TEST 


topw CLOCK PULSE WIDTH 
CLOCK PULSE WIDTH : 
CLOCK PULSE TRANSITION 
DATA WRITE (SET-UP) TIME 
DATA TO CLOCK HOLD TIME 
CLOCK TO DATA OUT DELAY 


ae 
eee 
— 
Eeeneeel 
teed 
| 300 
RECIRCULATE SET-UP TIME as ee 
| 04 | 
(aes 


pF @ 1MHz; Vi, = Vcc: 
— Vac= 25mV p-p 


2 INPUT CAPACITANCE a 
7 pF @ 1MHz; Vo = Vcc: 
Vac = 25mV p-p 


@ CLOCK CAPACITANCE a 


OUTPUT “LOW” VOLTAGE ee, Ma 
Von OUTPUT “HIGH” VOLTAGE 


tRH RECIRCULATE HOLD TIME 
| PW CLOCK PULSE WIDTH 


ee 
Ryu = 7.5KQ2 to VGG 


tay 


TTL INTERFACE 


MOS INTERFACE 


ALL 7.5KQ 
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SILICON GATE MOS # 2518, 2519 


| APPLICATIONS DATA 


32 or 40 POSITION CRT DISPLAY MEMORY SYSTEM 


ry NEGATIVE 
VIDEO 


O BLANKING INHIBIT 


“These registers include internal recirculate. Two 82668 multiplexers are used for system recieculate. 


MULTIPLEXING LINE MEMORY REGISTERS AT 4MHz DATA RATE 


DATA OUT 


crock NOTE: 

The above schematic connects two 25188 or 2519B Hex Shift 
Registers into a multiplexing scheme in order to accomplish a 
64 or 80 character/line dispiay at 4MHz data rate.. 


t4MHz) 
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SILICON GATE MOS # 2518, 2519 


CHARACTERISTIC CURVES 


MAXIMUM SHIFT FREQUENCY 
VERSUS Vgg 


IgGVERSUS TEMPERATURE 


(yu) 9D) 


TEMPERATURE (°C) 


Gg VERSUS Vgg 


- 
= 
O 
> 
”) 
— 
Y) 
e 
uw 
> 
ve) 
O 
cc 
> 
Oo 
A 


Vgcltv) 


Vout (Vv) 
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SILICON GATE MOS # 2518, 2519 


CIRCUIT SCHEMATIC 


2518, 2519 STATIC REGISTER 


NTH BIT 
(X6 


CLOCK GEN. 
(1 pee chip ) 


er ee ee 


7-101 


A 


~KIMASM 


LINE # 


0010 
0020 
0030 
0040 
ocs0 
0060 
0070 
0080 
C090 
O1co 


QO1160 .. 
0120 | 
0130 -. 


0140 
0150 
0160 
0170 
0180 
0190 
0200 
0210 
0220. 
0230 
0240. 
— 0250. 
0260 
0270 
0280 
0290 
0300 
0310. 
0320 
0330 
0340 


0350 
0360 | 


“9. 6370 
0380 
0390 
040G 
0410 
0420 


...Q0430. 


LINE 


| BRKEVEC 


VECTRO 
VECTRI 
VECTR2 
VEGTRS 
VECTR4 
VECTRS 


. VECTRE 


VECTRT 
LW UP 


=$102C 


=$1032 
=$1035 
=$1038 
=$103B 
=S103E 
=$1041 
=$1044 
=$1047 
=$10B5 


3PAIA "“VIDE® WINDOW" SOFTWARE 


3; 1-19-79 
VIDE® =S0A70 
KEYBRD =$0A30. 
BASE =31700. 
CURSER =$EC 

CURFLG =SEB 
JIFFY =SEA 
SECOND =S$E9 
MINUTE =SES 
H@UR =SE7 
FLASHR =SE6 
CLKFLG =SE5 
YTEMP =SE4 
XTEMP =SE3 
BUFFER =5F0 
GETKEY =SOFIF 
SHIFT =S0F34 _ 
DISFLY =$0820 
ISTATS =30A60 
TRESET =30450 
IMASK =$0A40 
KEYBUF =SE2 © 
KEYFLG =SE1l- 

_*=$1000 | 


20:00 


3PORT ADDR FOR VIDEY BOB 
SASCII KEYBOARD PORT. 
-3DISPLAY PAGE BASE 


- -3CURSER PQ@SITION 


5 CURSER @N-@FFS O=@N 
31/60 @F A SECOND 


f 


3CURSER FLASH STATUS 
$CLOCK FLAGs O=OFF 


3M@NITOR KEYBGARD BUFFER 
SMONITOR ROUTINE 
sSMGNIT@R ROUTINE 

-$LED DISPLAYS — - 

3 INTERRUPT STATUS 
3INTERRUPT RESETS 
sINTERRUPT MASK | 
3KEYSTR@KE BUFFER 

- 3KEY FLAGs S80=KEY 


Seana ts. a es EOE Fe bas tee Ae Whos we tere HR ree Met 


0440 


O450 - 


0460 
. O470 
0480 
OA4SO 
0500 


0510 
6520 


0530 
0540 


03550 | 


C560 
0570 
OS80 
GS90 
0600 
0610 


C620. 


0630 
0640 
0650 
0660 


0670 _ 
0680 


0690 
0700 
O7 10 
0720 
0730 
0740 
0750 


0760 


— 


0770. 


0780 
0790 
0800 
0810 
0820 
0830 
OS 40 
0850 
0860 
0870 
0880 
0890 
0900 
0910 
0920 
0930 
09.40 


1000 > 


1000 


1001 


#002 . 


16003 


1003 - 
1004 
1005. 
1006~ 


1007 
1COA 


100C | 
 100E 
-100E 
1011 
1012, 


1014 


(1015 
1017 


1018 


1O1A° 


101B 
101D 
LOIE 
1020 
1021 
1023 
1024 
1026 


~—1027 


1029 
102C 
102C 
102D 
1OckE 
102F 
103e 
1032 
1035 
106036 
103B 


1OSE - 
(1041 
1044 
1047 «. 
104A 
104A - 


104B 


1000 —— 
1000. 
- 1000 


60 OA 


OK KK - 


0850 104E......W 


eee SERVICE ROUTINE 


PHA 


TXA. 
PHA © 


oe INKS 


TS - 


— INX 
LDA 


AND 
BNE 


LDA 
ROR 


BCC 
ROR 
BCC 


ROR 


- BCC 


ROR 
BCC 
ROR 
BCC 


~ ROR 
+, BCG 


. — 


BRKVEC 


VECTRO 


VECTR1 


| _VECTR2 


VECTR3 


VECTR4 
VECTRS 
VECTR6 
VECTRE 


ERROR 


ROR 


BCC 


ROR. 


BCC 


JSR 


PLA 


- TAX 
PLA 


JMP 


JSR 
JMP 
JMP 
“IMP 
JSR 
JSR 
JSR 


JSR 


PHP 
-SOFCO 


JMP 


SO1002X 
#%00010000 


BRKVEC 


ISTATS 


A 
VECTRO 
A 


A 
A 


VECTRS 
A 


VECTR4 


A | 
VECTRS 
Aa 


A 
VECTR7 
ERRGR - 


SOFCO 


ERROR 
INT! 
INT2 


-INT3 
ERROR © 
ERR@R |. 
ERRGR © 
_ERRN. 


VECTRI 


VECTR2~ 


VECTR6- 


ennsontna sin ea ar minageninet 


3 SAVE A 


.$SAVE X. 


3GET P-REG 
3 BREAK FLAG 
3 BRA IF BREAK | 


wr 


_3$GET INTERRUPT STATUS 


. $PQINT BF N@ RETURN 


s RESTORE = 


; RESTORE A 


3;MONI TOR BREAK ROUTINE 


3 VIDEO. 


.3 VIDEO, 


S$ INTERRUPT - oe 


END @F FRAME 
END OF LINE 


3ASCII KEYBOARD 


BREAK ROUTINE 


3 SIMULATE BREAK 
| SMONI TOR: 


@ ‘we 
(7) 
Paar 
to 
®Q 
“Tl 
“Tr 
tr1 
in 
0) 
8 
<< 
a 
OC) 
tr) 
ms) 
) 
Cc 
J 
4 
<. 
tI 


—_ 82 ow op ae ee OP oe ewe a ee ew oe ew a ae ee am me ee ee lee a ee a 


PHA 3 SAVE Y 

LDA #32 | 

STA LGOP+1 | 3RESET DISPLAY BASE ADDR 
LDA #6 -_ - 


NEXT LDA H@UR-1.X 
ADC #0 
CMP #460 
BCC SKIP 
LDA #0 
SKIP STA HOUR-15X 


“ BNE NEXT 
CMP #€524 
BNE SKIP] 
LDA #0 
STA HBUR 


SKIPL DEC FLASHR 
BNE SKIP3 
LDA #16 
STA FLASHR 


SKIP3 LDA CURFLG) 
BNE SKIP2 
LDX CURSER 
LDA FLASHR 


CMP #8 | a eee 
LDA #320 ~ 3CURSER OFF. 
BCS STORE 


LDA #S5F =  $CURSER @N~ 
STGRE STA BASE,sX | : 


SKIP2 LDA CLKFLG 


BE@ SKIPS _ 
JSR PCLOCK. - 3 PRINT CLOCK © 
SKIPS LDA #%00006010 _ ee ee 
| STA IRESET © 3ACK INTERRUPT 
-LDA #0 © | - ee 
STA IRESET 
PLA "2 & 7. 
TAY  $RESTORE.Y 
PLA : _ - 
TAX | “$REST@RE X 
PLA | 3RESTGRE A : 


RTI . | > RETURN 


LOAD, 


1540 
i550 
1560 
1570 
1580 
1590 
1600 

1610 
1620 
1630 


1640. 


1650 


1660 


1670 
1680 
1690 
1706 
1710 
1720 
1730 
1740 
1750 


1760: 
1770 - 


1780 
1790 
1800 
1810 
1620 
1830 
1840 
1650 
1660 
1&70 
1880 


' 1890. 


1900 


1910 — 
1820. 
1930. 


1940 


1950 


1960 


1970, 
1975 


1980 
1960 
2000 
2010 


 2020° 
* 2040. 
Bol ONE. ule 


IGAL 


10AD 
1O0AD 
1OAD 
1050 


10B3” 


10B3 
10B5 
10B8 
10BB 


1OBC 


1O0BE 
1OBE 


L1OBF | 


10C0 


10C3. 
-10C5_ 


10C8 
10C8 
1O0CA 
10CD 
1OCF 
10De2 


10D3. 
~10D4 


10D5 
10D6 
10D6 
10D6 
10D6 
10D6 
0200 
0200 
0203 
0203 
0205 


0207 — 
020A . 


O20B 


~O020D 


O20F 
0211 
0213 
0216 


0218 . 
“O21A 


021C 


O21E 


0220 


0223. 
0224 


0225 


LY OY OA LE 


B6 
7 2k 


00 
70 


10 


2K 


EO. 
10 


OA 


F7 


B6 
20 
B6 


04 
oC 


10 


10 


OA 


00 - 


90 


OA 


2K >K 


OA 


OA 


LOGP 


SKI P6 


iNIt 


~LOBP4 


LDA 
STA 


LDA 


' STA 


PLA 


‘TAX 
PLA 
RTI 


LOGP+ 1 
SKI P6 


#ZEO 


‘$10002X 
. VIDE® 


LBP 


LOCP+ 1 
#32 


-LOBBF+ 1 


#%00000100 


LRESET 
#0 
IRESET 


#SEO . 
#520 
BASE- nes rae 


 LOGPA 


CURSER 
CURFLG 
1 TEMP 
TRESET 
KEYFLG 
CLKFLG 
#515 


pa PEP P 


#%00001110 
IMASK 


>3BRA IF LAST LINE DISFL&E 


3GET CHARACTER 


>SEND IT T@ VIDEG BEARD 


3LAST CHAR @N LINE? 
3 BRANCH IF N@T ° 


>EASE ADDR, LOW BYTE 
>SETUF F@R NEXT LINE 


3 ACK 


LNTERRUPS 


3 RESTORE X 
3S RESTORE A 


> RETURN 


_ $CLEAR SCREEN 


3; ENABLE CURSER 


3 TURN @FF CL@CK PRINT 


$INTERRUPT MASK 


2050 


2060 
2070 
2080 

2090 
2100 


21107 


2120 


2130 


2140 


2150 


2160 
i760 
2180 


2190 


2266 
2elo 
22ec0 


2230 


~~ 2240 
225g 
2260 
2270 


2280 | 


2296 

2300 
2310 
2320 


2330 


2340 
2350 
2360 
2370 
2380 


(2390. 


2400 
2410 
2420 

2430 


2440. 


2450 


2460 


c470 


2480° 
2490 


2500 


“2S h0: 


2520 
2530 


2540 - | 7 
Bere 55) 0 ties © 19 3 yarn Oe eer ON ere eee MU ns ERC NRW er 


0225 A&A 
0227 


0228 
022A 
O022C 


O2ecr . 


0230 
0232 


0235 ° 


0237 


023A — 
023C — 


C23F 
0241 
C244 
C246 
CZA4AS 


Q24E 


O24A4E 


O24E. 


0251 


0252 


0254 


0256 | 


C259 
0254 
C25B 
Cesc 
02st 
0260 
0263 


C263. 


0264 


- 0266 


0268 


0269. 


0269 


026A 
026C 


O26F 


0270 
0271 _ 


0273 


0275 
0278 


0278 
0279 


~O27C 
O27D — 


O2TF 


90 a 2k ee. 


DO ** ** 


BO ¥* x 


DO ** *x 


FO ** ** 


GUTCHA 


BCC: 


CR 


LF 


j 


-BACKSP 


LDA 
PHA 
LDA 
STA 
STA 
PLA 
CMP 
BEQ 


CMP 


BEQ 
CMP 
BEG 
CMP 
BEG 
CMP 
BEG 
CMP 
BEQ 


STA 
INX 
nog 
CPx 


TXA 
CLD 
SEC 
SBC 
STA 
BNE 


TXRA 
AND 


STA 
TAX 


TX 
CMP 


CURSER 


#320 
CURFLG 
BASEs X 


#32 
CURSER 


SCRG@LL © 


#%11100000 


CURSER 


#3CO. 


SCROLL 


#32 


CURSER 
RET 


) RET | 


CURSER > 


RET 


3 TURN GFF CURSER> 
3 REMSVE CURSER 


3 BACKSPACE. (RUBGUT KEY) 
3CLEAR SCREEN (CNTRL-O) 
SCLOCK ON CCNTRL-Q) 


GFF CCNTRL-S) 
3 DISPLAY CHAR 


3;END @F DISPLAY PAGE? 
;RETURN IF NOT - 
;CURSER: 

;SET CURSER T@ BEG @F LE 
; BRANCH ALWAYS 


' § CURSER 


' $CURSER 


-- $CURSER SN LAST LINE? 
3. BRANCH 


IF S@ 


3CURSER T@ NEXT LINE 
3 BRANCH ALWAYS 


PCURSERS ae * | 
3BRA IF CURSER AT BEGIND 


C2 
2k 2k 
02 
02 


08 
0A. 


OA 


OA 


CLEAR 


CLKON 


CLKOFF . 


SET 


SCROLL 
LOOP! 


LOOPe 


foot 


LBYOPX 


KEY 


INT3 


oO at re ten nit | ht pen pe thattsen mst, 


2 INIT 


# | 

SET 

#0 | 
CLKFLG 
Red 


#63 


sence ee 


"., $3 CLEAR SCREEN 


BASE=320X 


BASE-645X 


LBGPI 


#31 
#320 


BASE+SCOs% 


LOBP2 


#0 
CURFLG 


GBUTCHA 
LOOPA 


REY FisG x 


KEY 
KEYBUF 
CISPLY 
#0 


KEYFLG 


KEYBRD 
KEYBUF | 


#380 
KEYFLG 


> CLEAR BE TTOM LINE 


pe - 


| 3 TURN ON CURSER 


SINITIALIZE 
3 GETKEY 


SWAIT FOR KEYSTROKE> 
-$CHAR TS LED DISP 

3 RESET KEYFLAG 

3GET CHARACTER 

3 SAVE IN KEY BUFFER 


3 SET KEYFLAG 


#%00001000 


LRESET 


#0 3 
I RESET 


3 RESTQRE .X 
3 RESTORE A 


nA anne ar dt tar na Sa 
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3080 
3090 
3100 
3110 
3120 
3130 
3140 
3150 


3160. 


3170 
3180 
3190 
3200 
3210 
3220 
3230 
3240 


3250 © 


3260 
3270 
3280 
3290 
3300 
3310 
3320 
3330 


3340 


3350 
3360 


3370 


3380 
3390 
3400 
3410 
3420 
3430 


3440 


3450 
3460 


3470 


3480 
3490 
3500 
3510 


3520 


3530 
3540 
3550 


3560. 


3570 
3580 


a oe! 
36.00... 


O2DD 
O2DD 
O2DF 


O2EO 
Ceke 
O2ES 
O2ZET 


O2E8 | 
O2EA. 
O2EB 
O2EB 
O2EC | 


OCEF 
O2FO 
OeF ] 


O2F2 - 


C2FS3 


O2F4 . 


O2F5 


O2FS& 


O2FS 


~O02F9 


O2FE 
O2FD 
0300 
0301 
03063 
0305 
0305 
0307 


0309 


030C 
O30F 
O3le 
0313 
0314 
0317 


0319 . 


031B 
O31E 


O31F 
0320 
C322:" 


03e5 
0326 
0328 


032A 
032B 


O32B 
032D 


O32F 
0331 a 
OSS ic OO ee oc ate aS a yates RS EO ee eal, 


02 


02 


17 


17 


HEXASC AND 


SRILA 


CLD 
CMP 
BCC 


- ADC 


CLC 


ADC. 


RTS 


BYTASC PHA 


JSR 
TAY 


PLA 


LSR 
LSR 
~LSR 
LSR 
JSR 
RTS 


PCLOCK LDA 


LOOPS 


_ RETN 


“LDX 
STA 
INX 

. CPX 

NE 


LDY 


LDA: 


STA 
LDA 
STA 


HEXASC | 


“YTEMP > 


#*%00001111 


#S0A 
SKIP4 
#6 
#530 


$A=MSD. Y=LSD 


A 
As 
A 

a4 
HEXASC 


#320 
#310 
BASEs X 


3 PRINT -CLOCK -— 


#S15 
LO@GBPS 


Y TEMP 

X TEMP 

H@URs YY 

BYTASC 

BASEsX -¥ ; oF 


BASEs.X 
Y TEMP 


#3 
RETN 


'#" s 


BASEs X 


X TEMP 


#315. 
XTEMP 
#0. 
YTEMP 


Gok 


0334 7 f------------ + + +--+ -- 
0334 | 
0334 20 03 02 $=‘MONITR JSR INIT _ 
0337 Ad OD.  DISP LDA #SOD 
0339 20 ** xx © JSR. QUT 
033C 20 1F OF L2@P7 JSR GETKEY 
O33F C9 10 : CMP #10 
O341 -BO ** ** BCS CONTRL 
0344 20 34 OF a JSR SHIFT > 
0347 AS FO ‘ LDA BUFFER 
0348 8D-20 08 © STA DISPLY.. 
034C 20 DD 02 JSR HEXASC 
O34F 20 ** **¥ JSR GUT , 
0352 4C 3C 63 . JMP L&@BP7 
0355 , 
0355 A9 OD C@NTRL LDA #SOD 
0357 20 ** ** JSR QUT 
035A AX OD NEXT1L LDA #SO0OD 
C35C 20 ** ** JSR OUT . . | 
O35F AS F3 | LDA BUFFER+3 3BEG ADDR MSB 
',0361° 20 ** ** JSKE PRTBYT —* : 
0364 A5 Fe | LDA BUFFER+2 3BEG ADDR LSB 
0366 20 ** ** © _ JSR PRTBYT 
0369 ©. | os OO 
(0369 Ao 20 | LOGP6 LDA #€$20 | | 7 
O36B 20 ** *F JSR OUT - 
O36E AO OC LDY #0" ~ | 
0370 Bl Fe. / LDA CBUFFER+2)sY | 
0372 20 ** x** | JSR PRTBYT ; : 
0375 , —_ | oe 
0375 AS Fe LDA BUFFER+2 3LAST ADDR? 
0377 C5 FO . CMP BUFFER | 
0379 DO ** ** BNE SKIP8 
0370 AS F3 | LDA BUFFER+3 
O37E C5 Fl a CMP BUFFER+1 
0360 FO'BS  - BEQ-DISP 
—038e2 | |  & 
0382 E6 Fe SKIP& -INC BUFFER+2 3INC ADDR 
0384 DO ** ** BNE SKIP7 . 
0387 E6 F3 > INC BUFFER+3 
0339 — ee 4. , 
0389 AS F2 _  SKIP7 LDA BUFFER+2 
038B .29 07° |.  . AND #%00000111 
038D FO CB , -BEQ NEXT] 
O38F DO D&S = BNE L&@GP6 
0391 ee a a oe 
0391 20 EB 02  #£=PRTBYT JSR BYTASC 
O394 20 ** ** oe SR OUT. 
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4090 0397 938 TYA 
4100 0398 

4110 0398 GUT PHA 
4120 0399 98 | ) TYA 
4130 O394 ™ PHA 3Y 
4140 0O39B Ae 02. LDX #2 | 
4150 -039D AO O00 LDY #0 
4160 O39F 8&8. DLY DEY 
4170 03A0 DO FD | BNE DLY 
4180 O3A2 CA. DEX. 

4190- 0O3A3 DO FA: BNE DLY | 

4200 O3A5 | at PLA 3Y 

4210 O3A6 AS TAY © : 
4220 O3A7. PLA 3A 
4230 ~> 03A8 4C 25 02 JMP @UTCHA 

4240 O3AB a 
4250 O83AB - END 
- ERR@RS = OOOO | 

SYMB@L TABLE _ 

BRKVEC 102C VECTRO 1032 VECTRI 1025 VECTRE 1038 
VECTR3 103B VECTR4 1035 VECTR5S 1041 VECTR6 1044 
VECTR7 1047 L@EP 10B5 VIDEB  OA70 KEYBRD 0A30 
BASE 1700 CURSER OOEC CURFLG - OOEB JIFFY OOEA 
SECOND OOE9. MINUTE OOE8 H@UR OOE7 FLASHR OGE6 

-  (€LKFLG OOES YTEMP OOE4 XTEMP O0E3 BUFFER OOFO 
. GETKEY OFIF. SHIFT  -OF34 DISFLY - 0820 ISTATS CA60 
 TRESET ©AS5SO .- IMASK  OA4O KEYBUF OOE2 KEYFLG OOE} 
es 2 INT 1000... ERR@R 104A INT} 104E INT2  10AD 

INT3 0206. NEXT 1O5E KIP 1069 SKIP1 1077 

 SKIP3 (1080 -  SKIP2 1095 STORE 1092 SKIP5 109D 

- PCLOCK O02F9 _ SKIP6  .10C8 TEST O2AC INIT 0203 
LOGP4:. 0207. SUTCHA 0225 CR 0263 LF. 0269 

 BACKSP 0278 “CLEAR £0282 CLKGN 0286 CLK@FF 028B 
RET O2A7 | SCROLL 0292 SET 028D LOGP1 0294 

_L@@P2 ofA  LOOPX O2AF KEY O2BE HEXASC O2DD 
SKIP4. O2E7_ -BYTASC O2EB LOSP5 OeFD RETN 0328. 
MONITR -0334 © DISP -= 0337 SUT 0398 LOGP7 0O33C_ 

. CONTRL - 0355_ NEXT1 0358  ° PRTBYT 0391 LOZP6E 0369 

SKIP8 0382 ° SKIP7 0389 “DLY- | O39F =. — eee 

-.. END @F ASSEMBLY oe ee 
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